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INTRODUCTION 
The California Department of Fish and Game and the State Water 
Resources Control Board (through Regional Board #3,  Central Coast) 
entered into an agreement whereby Department biologist-divers conducted 
a subtidal ecological investigation of the marine environment in the 
vicinity of the city of Carmel ocean outfall in Carmel Bay. The ob- 
jective of the study was to provide the Regional Water Quality Control 
Board (RWQCB) with data to assist them in evaluating the effects of 
the discharge on the marine environment at five stations selected by 
the RWQCB adjacent to the outfall terminus and two at a control area 
off Granite Point (Figure I) ,  and to provide pre-discharge data for a 
new discharge being constructed adjacent to the existing one. 
The determinations made by biologist-divers included: (i) the num- 
ber and diversity of plant and animal life; (ii) substrate characteris- 
tics; and (iii) physical parameters, including water temperature and 
clarity. 
The State Water Resources Control Board reimbursed the Department 
for some expenses incurred during this study. The work was performed 
by California Department of Fish and Game biologists from the Depart- 
ment's research vessel KELP BASS. 
AREA DESCRIPTION 
The city of Carmel ocean outfall is located in Carmel Bay approxi- 
mately 300 yards south of the mouth of the Carmel River at a depth of 
1/ Prepared at California State Fisheries Laboratory, Marine Resources 
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Region, 350 Golden Shore, Long Beach, California 90802. 
4 f e e t  below MLLW. The d i scha rge  e n t e r s  t h e  bay a t  t h e  sou the rn  end 
of  a 600 yard long s t e e p  sand beach. The beach i s  d i r e c t l y  exposed t o  
t h e  p reva i l i ng  s e a  and i s  bordered by a  rock headland on t h e  n o r t h  and 
a small  rock r e e f  on t h e  south.  
METHODS 
The gene ra l  methods used i n  t h i s  survey a r e  desc r ibed  i n  r e p o r t s  
of previous i n v e s t i g a t i o n s  (Turner,  Ebert  and Given, 1968).  F i e l d  
ope ra t ions  were conducted by Department b i o l o g i s t s  on September 21 and 
22, 1971, from t h e  ~ e ~ a r t m e n t ' s  92-foot r e sea rch  v e s s e l ,  KELP BASS. 
Due t o  t h e  shal low s t a t i o n  depths and heavy swe l l s ,  we were unable  t o  
p l ace  t h e  KELP BASS on t h e  s t a t i o n s ,  t h e r e f o r e  a l l  o p e r a t i o n s  were con- 
ducted from a 17-foot s k i f f .  
The s t a t i o n  p lan  s e l e c t e d  by t h e  RWQCB c a l l e d  f o r  s t a t i o n s  t o  b e  
loca t ed  a long  f o u r  t r a n s e c t s .  Transect  C-1 was t o  be a long  t h e  p re sen t  
o u t f a l l ;  C-2 p a r a l l e l  t o  and 500 f e e t  n o r t h  of t h e  p r e s e n t  o u t f a l l ;  
C-3 p a r a l l e l  t o  and 500 f e e t  south  of t h e  p re sen t  o u t f a l l ;  and C-4, 
3 1 5 ' ~  o f f  Gran i t e  P t .  i n  P t .  Lobos S t a t e  Reserve (Figure 1). S t a t i o n s  
were loca t ed  a t  20 and 40 f e e t  depths  a t  each t r a n s e c t  except  a t  t r a n -  
s e c t  C-1, where only  t h e  40 f o o t  s t a t i o n  was occupied because of t h e  
proximity of t h e  o u t f a l l .  
A p i e r  cons t ruc t ed  w i t h i n  20 f e e t  of t h e  o l d  d i scha rge  w a s  t h e  
r e f e rence  p o i n t  used i n  l o c a t i n g  Transec ts  C-1, C-2, and C-3, and 
v i s u a l  s i g h t i n g s  o f f  Gran i t e  Po in t  were used i n  l o c a t i n g  Transec t  C-4. 
Rock and rock-sand s t a t i o n s  (C-1, C-3A, C-3B, C-4A, C-4B) were de- 
f i n e d  by a t t a c h i n g  a  2.2 m l i n e  t o  t h e  s t a t i o n  marker, and i n s c r i b i n g  
an  a r c  encompassing approximately 15 m2, whi le  pure sand bottom sites 
2 (C-2A, C-2B) were marked wi th  a 3.1 m l i n e  i n s c r i b i n g  a n  a r c  of  30 m . 
Biologis t -d ivers  i d e n t i f i e d  and enumerated a l l  macroscopic p l a n t s  and 
2 
animals w i t h i n  t h e  a r c s  and c o l l e c t e d  a l l  forms w i t h i n  a  1116m quadra t  
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FIGURE 1. City of Carme1 Ocean Outfall Sampling Stations 
randomly placed w i t h i n  t h e  a r c  a t  S t a t i o n s  C-2A, C-2B, C-3B and C-4A. 
Water temperatures  and v i s i b i l i t y  e s t ima te s  were taken  a t  10-foot 
i n t e r v a l s  from t h e  s u r f a c e  t o  t h e  bottom a t  each s t a t i o n .  General  
bottom c o n d i t i o n s  noted included s u b s t r a t e  d e s c r i p t i o n ;  h e i g h t ,  pe r iod  
and d i r e c t i o n  of r i p p l e  marks; and t h e  presence of suspended o r g a n i c  
m a t e r i a l  ( l e p t o p e l )  i n  t h e  water  column and on t h e  bottom. 
Benthic  grab samples were n o t  taken  as we were unab le  t o  o p e r a t e  
t h e  grab from t h e  s k i f f .  
RESULTS - PHYSICAL 
Three g e n e r a l  h a b i t a t s  were encountered du r ing  t h i s  i n v e s t i g a t i o n  
(Table 1). S t a t i o n s  C-2A and C-2B cons i s t ed  of f i n e  w h i t e  s h i f t i n g  
sand s i m i l a r  t o  t h e  w h i t e  s i l i c a  sand beaches found i n  t h e  v i c i n i t y .  
S t a t i o n  C-1, d i r e c t l y  o f f sho re  from t h e  d ischarge ,  c o n s i s t e d  of f i n e  
gray sand w i t h  a  rock  outcrop  and S t a t i o n  C-3B was of f i n e  g ray  sand 
wi th  t h r e e  l a r g e  rocks.  S t a t i o n s  C-3A, C-4A and  C-4B were e n t i r e l y  
. 
on g r a n i t e  rock. 
V j s i b i l i t y  on t h e  bottom was gene ra l ly  good and ranged from 10 
I 
f e e t  a t  S t a t i o n  C-2B t o  40 f e e t  a t  S t a t i o n s  C-1 and C-4B (Table 2 ) .  
It is i n t e r e s t i n g  t o  n o t e  t h a t  v i s i b i l i t y  d i r e c t l y  o f f s h o r e  from t h e  
d ischarge  w a s  g r e a t e r  than a t  s t a t i o n s  500 f e e t  t o  e i t h e r  s i d e ,  sugges- 
t i n g  t h e  d i scha rge  f i e l d  d i s p e r s e s  l a t e r a l l y  more than  o f f s h o r e .  Bottom 
temperatures  ranged from 54 t 6  5 6 ' ~  (Table 2 ) .  No thermocl ine  was 
p re sen t  a t  t h e  s t a t i o n s  surveyed, however, temperature dropped a s  much 
a s    OF w i t h i n  40 f e e t  a t  S t a t i o n  C-3B. Leptopel  was n o t  noted i n  t h e  
water  column a t  any s t a t i o n  and f l o c c u l e n t  organic  material was p r e s e n t  
on t h e  bottom only  a t  S t a t i o n  C-3B. 
TABLE 1. Ci ty  of C a m e l  Ocean O u t f a l l  S t a t i o n  Data. 
Depth Bottom Bottom 
S t a t i o n  -- Date (F t . )  Temp. (F) - V i s i b i l i t y  (F t . )  Bo t tomDesc r ip t i on  
40 F ine  gray  sand w i t h  6 '  
h igh  g r a n i t e  rock  out -  
c rop .  Quadrat n o t  t aken .  
C-2A 9-21-71 22 54.5O 20 F ine  wh i t e  s h i f t i n g  sand. 
Ripples  NNE-SSW, 2'-3 '  
pe r iod ,  8"-12" h igh .  
Quadrat t aken .  
10 F ine  wh i t e  l o o s e l y  packed 
sand w i t h  l i g h t  f l o c c u l e n t  
m a t e r i a l  on r i p p l e  c r e s t s  
and sma l l  p i e c e s  of d r i f t  
a l g a e .  Ripples  NNW-SSW, 
4"-6" pe r iod ,  1/2" h igh .  
Quadrat t aken .  
I r r e g u l a r  g r a n i t i c  rock  
w i t h  4 '  r e l i e f .  Quadrat 
n o t  t aken .  
F ine  gray  sand w i t h  
o c c a s i o n a l  rocks .  70% 
of  a r c  w i t h i n  dense 
colony of pol.ychae t e  
worms forming a  2'-3 '  
h i g h  r e l i e f .  Quadrat t aken .  
G r a n i t i c  rock  s h e l f  ad- 
j acen t  t o  exposed wash 
rock .  Quadrat t aken .  
Top of g r a n i t e  r i d g e ,  
5 '  r e l i e f .  Quadrat 
n o t  t aken .  
TABLE 2 .  C i t y  o f  Carmel Ocean O u t f a l l  V e r t i c a l  Temperature 
and V i s i b i l i t y  P r o f i l e s  
C-1 Depth Temp. V i s .  
(Ft . )  (OF) (Ft . )  
---
SS 57O 20 
10 56O 30 
2 0 56' 30 
3 0 55' 40 
40 55O 40 
C-2A Depth Temp. V i s .  
(Ft . )  (OF) (F t . )  
--- 
SS 56' 15 
10 56' 15 
20 55O 20 
22 54.5 20 
C-3A Depth Temp. V i s .  
(Ft.)  (OF) (F t . )  
---
SS 58' 20 
10 57O 20 
2 0 56' 20 
C-4A Depth Tgmp. V i s .  
(Ft.1 ( F )  (Ft.)  
---
C-2B Depth Temp. V i s .  
(Ft.)  (OF) (F t . )  
- --
SS 57O 5 
10 56' 8 
20 54O 20 
30 54O 20 
4 0 54O 20 
45 54O 10 
C-3B Depth Temp. V i s .  
(Ft . )  (OF) (F t . )  
- --
C-4B Depth Temp. V i s .  
(Ft.) (OF) (F t . )  
- --
SS 57O 30 
10 56' 30 
2 0 56' 30 
3 0 55' 30 
. 40 55' 40 
50 54' 40 
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RESULTS - BIOLOGICAL 
Macroscopically,  t h e  b i o t a  appeared normal a t  a l l  s t a t i o n s  
(Table 3) .  B i o t i c  assemblages were dependent on h a b i t a t  types  and 
t h e  most d i v e r s e  and l u x u r i a n t  were found on rock bottom. The b i o t a  
a s s o c i a t e d  wi th  t h e  s h i f t i n g  sand bottoms was comparat ively depauparate  
i n  both biomass and d i v e r s i t y .  
Sampling a t  S t a t i o n  C-1, d i r e c t l y  o f f sho re  from t h e  d i scha rge  
a t  a depth of 40 f e e t ,  revea led  4 1  t axa  of i n v e r t e b r a t e s ,  11 a l g a e  
and 3 genera of f i s h .  Except f o r  t h e  sanddabs (Citharichthys sp . )  
a l l  p l a n t s  and animals  were recorded on t h e  rocky p o r t i o n  of t h e  a r c  
and none i n  t h e  sand. Had t h e  a r c  n o t  included t h e  rocky outcrop ,  
t h e  s t a t i o n  would have shown a very  s p a r s e  b i o t a .  
S t a t i o n s  C-2A and C-2B were s i m i l a r ,  t h e  only macroscopic 
organisms observed were two spec i e s  of o l i v e  s n a i l s  (OZiveZZa bipZicata 
and 0. p y m i a ) ,  hermit  c r abs  (Pagurus sp . ) ,  and sanddabs (Citharichthys 
sp . )  I n  a d d i t i o n  t o  t h e  above, t h e  polychaete  worm Diopatra s p . ,  was 
recorded a t  S t a t i o n  C-2B. 
General ly  t h e  animals  a t  t h e s e  s t a t i o n s  were i n  low concentra-  
t i o n s  w i th  t h e  except ion  of OZiveZZa bipZicata which were found t o  
be  abundant a t  S t a t i o n  C-2A. Such a pauci ty  of animals  i s  t y p i c a l  
f o r  a r e a s  of s h i f t i n g  sand bottoms. 
On S t a t i o n  C-3A, 37 taxa  of i n v e r t e b r a t e s ,  9 f i s h  s p e c i e s ,  and 
6 a l g a e  were recorded,  a l l  t y p i c a l  of a rocky h a b i t a t .  S t a t i o n  C-3B, 
however, w a s  predominatly sand and contained fewer macroscopic p l a n t s  
and animals.  The dominant f e a t u r e  of t h e  sand p o r t i o n  w a s  a dense 
populat ion of tube  bu i ld ing  polychaetes  inc luding  Chime s p  . Dioptra 
ornata, Phagrnatopoma caZifornica, and SabeZlaria cementarim, forming 
a dense m a t  approximately 2-3 f e e t  h ighe r  than  t h e  surrounding s e a  f l o o r .  
TABLE 3 .  Plants and Animals Recorded from the Vicinity of Carmel 
Ocean Outfall, September 21 and 22, 1971 
Scientific name 
1 
ALGAE 
Acrosoriwn uncinatwn P 
BossieZZa gardneri P 
B. interrupts 
B. orbigniana P 
BossieZZa sp . A 
BotryogZosswn s p .  
CoraZZina o f f i c ina l i s  chilensis p 
CoraZZina sp. 
Coralline, unid. 
Cystoseira osmundacea 
Dictyoneurwn californicwn 
Eisenia arborea 
Gigartha ca Z i  fornica 
G. corymbi fera 
G. cr is tata 
G. papiZZata 
Gigartina sp. 
Ha Zosaccion g Zandi forme 
Hymenena sp. 
Iridaea s p .  
Laminaria andersonii 
L i t h o t h i o n  sp  . 
Lithothrix aspergiZZwn 
Macrocystis pyrifera 
Station and Abundance* 
2A 2B 3A 3 B 4A 4B 
[PI 
C P C A (juv.) 
TABLE 3 - Continued 
Scientific name 
PeyssoneZia s p .  
Pterygophora ca Z i  fornica 
Rhodog Zosswn a ff ine 
Rhodymenia pacifica 
Rhodymenia s p .  
PORIFERA 
HaZichondria panicea 
PoZymastia pachymastia P 
Sponge, encrusting unid. P 
Sponge, encrusting yellow unid. P 
CNIDERIA 
Ag Zaophenia sp . 
A Z Zopora ca Z i  fornica 
AnthopZeura xanthogrammica 
Anthozoan, unid. 
BaZanophy ZZia eZegans 
Corynactis caZifornicus 
Epiactis prozifera 
Hydrozoan, unid. 
PZwnuZaria sp.  
Tea Zia Zoforensis 
NEMATODA 
Nematode, unid. 
NEMERTEA 
~emertean, unid. 
Station and Abundance* 
1 2A 2B 3A 3B 4A 4B 
P 
P 
P 
P 
P 
TABLE 3 - Continued 
S c i e n t i f i c  name 
ANNELIDA 
Arabe ZZa iricoZor 
BranchiomZdane v incent i i  
C a p e t e l l i d a e  
C h a e t o p t e r i d a e  
Chone ( c f . )  infundibuZiformis 
C. minub 
Dioptra o m t a  
Diopatra s p .  
Dodecaceria fewkesi 
EudisZy Zia po Zymorpha 
HaZosydm brevisetosa 
Maldanidae 
Nere idae  
Nereis s p .  
O r b i n i i d a e  
Phragmatopoma ea Z i  f ornica 
P h y l l o d o c i d a e  
PoZydora s p .  
Po lyno idae  
SabeZZaria cementarim 
SabeZ Zaria s p  . 
S a b e l l i d a e  
S e r p u l i d a e  
S t a t i o n  and Abundance * 
1 2A 2B 3A 3B 4A 4B 
TABLE 3 - Continued 
S c i e n t i f i c  name 
S y l l i d a e  
Terebe l l idae ,  un id .  
Tzjposyzzis sp  . 
S IPUNCUL IDA 
Sipuncul id,  unid.  
MOLLU SCA 
Acmaea instabi  Zis 
Acmaeidae, unid. 
Anisodoris nobizis 
Astraea gibberosa 
BaZcis sp .  
BarZeeia sp .  
I 
CaZ Ziostoma annu Zatwn 
C. canicuzatwn 
C .  Zigatwn 
C . t r ico  Zor 
CrepiduZa adunca 
CrepiduZa sp  . ( s p a t )  
Cryptochiton steZZeri 
Dendrodoris fuZva 
DiauZuZa sandiegensis 
Gastropoda, unid.  
Haziotis mZaZ Zensis 
S t a t i o n  and Abundance* 
1 2A 2 B 3A 3B 4A 4 B 
TABLE 3 - Continued 
S c i e n t i f i c  name 
Idegathura crenu la ta  
MitreZZa carinata 
M. tuberosa 
Nudibranchia, unid. 
Ocenebra faveo Zata 
OZiveZZa bipZicata 
0. pycnia 
Pododesmus cepio 
Tegu Za brunnea 
T .  montereyi 
Tonice ZZa Zineata 
TricoZia s p .  
ATHROP ODA 
BaZanus crenatus 
S t a t i o n  and Abundance* 
1 2A 2 B  3 A  3 B  4A 4 B 
B ,  fZos 
B. nubizus 
BaZanus sp.  
B. tintinnabuzwn caZifornicus P 
Cancer productus (j uv . ) 
Capre l l i dea  
CryptoZithodes sitchensis 
Gammaridea 
Idotea sp.  
Isopoda, u n i d .  
Loxorhynchus crispatus 
TABLE 3 - Continued 
Scientific name 
L. grandis (juv.) 
Loxorhynchus s p .  (juv.) 
MetacapreZZa s p .  
Mimu Zus foZiatus 
P a p u s  s p .  
Phy ZZo Zithodes papi2 Zosus 
Pugettia graciZis 
P. productus 
P. r i c h i i  
Pugettia s p .  
Pycnogonwn r i c k e t t s i  
Scyra actltifrons 
Synidotea consolidata 
Tanaidacea, unid. 
ECTOPROCTA 
Bryozoan, unid. 
Crisia s p .  
Diaperoecia caZifornicus 
Entalophoridae 
Heteropora s p .  
Hippodip Zosia inscu Zpta 
Phido Zopora paci fica 
ECHINODERMATA 
Cucwnaria (c f . ) piperata 
Dermasterias imbricata 
Hemicia ZeviuscuZa 
Station and Abundance* 
1 2A 2 B 3A 3 B  4 A  4 B  
TABLE 3 - Continued 
S c i e n t i f i c  name 
Henxicia sp.  
Holothuroidea,  unid.  
Linckia sp .  
Lytechinus anemesus 
OphiophoZis acuZeata 
OphiopZocus esmarki 
Ophiothrix spicuZata 
Ophiuroidea,  unid.  
S t a t i o n  and Abundance* 
1 2A 2B 3A 3B 4 A  4 B 
1 C 
Patiria miniata 
Pisaster brevispinus 
P. giganteus P 
E.Scnopodia helianthoides 5 
Strongy Zocentrotus purpuratus 
~ t r o n &  locentrotus s p  . ( j uv. ) S 
ASC I D  IACEA 
Ascid ian ,  unid.  P 
Asc id ian ,  c o l o n i a l  un id .  
Cystodytes s p  . P 
StyeZa monterey ensis C 
PISCES 
Artedius sp .  
Bothrogonus swanii 
Citharichthys s p  . 
Citharichthys stigrnaeus 
Cot t i dae ,  unid.  
TABLE 3 - Continued 
S c i e n t i f i c  name S t a t i o n  and Abundance * 
1 2A 2B 3A 3B 4A 4B 
Embiotoca ZateraZis 
Cibbonsia s p .  
Hexagramos s p . 
Orthonopias t r i a d s  
Oxy Zebius pictus 
RhacochiZus vacca 
Sebastes atrovirens 
S. chrysomeZas 
S. mystinus 
S. serranoides 
Sebastes sp.  ( juv.)  
Scorpaenichthys mannoratus 
* Abundance symbols 
A = Abundant, numerous and evenly d i s t r i b u t e d  throughout t h e  a r c  
C = Common, unevenly p re sen t  throughout t h e  a r c  and only  occas iona l ly  numerous 
S = Sparse,  widely s c a t t e r e d  throughout t h e  a r c  bu t  nowhere numerous 
P = Presen t  i n  t h e  a r e a  b u t  r e l a t i v e  abundance n o t  es t imated  
[ I  = Occurrence wi th in  quadra t  0.25 m on a  s i d e  
() = E x t r a l i m i t a l  observa t ion  
The a r c  a l s o  contained 3 l a r g e  rocks heavi ly  overgrown wi th  a d u l t  
Macrocystis p l a n t s .  A t o t a l  of 33 t axa  were recorded f o r  t h i s  s t a t i o n  
inc luding  29 i n v e r t e b r a t e s ,  2 f i s h  and 2 a lgae .  
Control  S t a t i o n s  C-4A and C-4B were both on rock bottoms w i t h i n  
t h e  boundaries  of P t .  Lobos S t a t e  Reserve and t h e  g r e a t e s t  t o t a l  
numbers of p l a n t s  and animals were recorded from t h e s e  s t a t i o n s .  
S t a t i o n  C-4A revea led  68 t axa  of i n v e r t e b r a t e s ,  21 a l g a e  and 7 s p e c i e s  
of f i s h  whi le  45 taxa  of i n v e r t e b r a t e s ,  8 f i s h  spec i e s  and 8 a l g a e  
were recorded from C-4B. 
The high counts  i n  S t a t i o n  C-4A occur i n  t h r e e  groups; a l g a e ,  
Z polychaetes  and molluscs ,  a l l  of which were abundant i n  t h e  1/16 m 
quadrat  taken a t  C-4A. 
Nearly a l l  of t h e  animals and many of t h e  a l g a e  recorded from 
t h e  quadra t  on ly  a r e  n o t  seen wh i l e  d iv ing  and t h e s e  would no t  be re-  
corded un le s s  samples were taken.  By d e l e t i n g  t h e  p l a n t s  and animals 
found exc lus ive ly  i n  t h e  quadrat  from t h e  a r c  t o t a l ,  t h e  count  f o r  
S t a t i o n  C-4A is  40 i n v e r t e b r a t e  t axa ,  14 a l g a e ,  and 7 f i s h ,  which is  
more comparable t o  t h e  o t h e r  rock s t a t i o n s .  
CONCLUSIONS 
The nearshore  rocky bottom h a b i t a t  i n  t h e  Carmel reg ion  i s  ex- 
c e p t i o n a l l y  d i v e r s e  i n  marine organisms and t h e  b i o l o g i c a l  assemblages 
a r e  very complex. A survey of t h i s  type  wi th  no pre-discharge d a t a  
is  not  adequate  t o  d e s c r i b e  changes i n  t h e  b i o t a  t h a t  m y  be  a t t r i b u -  
t a b l e  t o  d i scha rges  u n l e s s  t h e  environmental changes a r e  g ros s .  
The impressions of t h e  b io log i s t -d ive r s  a r e  t h a t  t h e  b i o t a  ob- 
served i n  t h e  reg ion  of t h e  o u t f a l l  i s  comparable t o  t h a t  found e l se -  
where i n  Carmel Bay i n  s i m i l a r  h a b i t a t  types .  However, t h i s  does no t  
n e c e s s a r i l y  g ive  t h e  d i scha rge  a  "clean b i l l  of hea l th"  f o r  t h e  s tudy  
was; (1) cursory in nature, and (2) did not attempt to measure the 
accumulation of toxic substances in the environment or in the animals. 
It must also be mentioned at this point that this study is not 
considered by us to be an adequate pre-discharge study for monitoring 
the new discharge. An adequate pre-discharge study must include 
additional stations within the discharge field and at representative 
habitat types outside the discharge field. 
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